In order to present an estimation of the Internal Rate of Return (IRR) to higher education in Colombia we take advantage of the methodological approach provided by 
Introduction
The determinants of wages have been a main concern of the literature on labor economics and on the economics of education since the seminal works of Pareto (1896) and all through the research of Roy (1951) , Mincer (1974) and Becker (1964) . The Mincer equation has been estimated for different countries, specifications, periods, and data sets. Different econometric techniques have been used in order to avoid selection biases. Concerns for the determinants of wages have been driven by policy considerations. Indeed education and labor market policies depend strongly on whether education (either by additional years of schooling or by completing specific degrees) is a profitable investment and on whether wage differences can be explained by individual characteristics.
Colombia has not been an exception. As in many countries, the returns to education have raised here an enormous interest among scholars and policy makers. A big share of the literature has addressed the returns to education and how these returns behave The literature related with estimations of the determinants of wages/earnings in Colombia can be divided in two different waves, and this time gap is mostly due to data availability. The first wave was composed by the papers of Schultz (1968 ), Selowsky (1968 and Kugler and Reyes (1975) . The second wave started with Tenjo (1993a Tenjo ( , 1993b , Perfetti (1996) , Ribero and Meza (1997) , Velásquez (2001) , and then evolves to Tenjo and Bernat (2002) , Arias and Chaves (2002) , Zárate (2003) , Nuñez and Sánchez (2003) , Mora (2003) , Barrero et al. (2004) , Tenjo et al. (2005) , Prada (2006) and Forero and Gamboa (2007) , just to mention the most well-known references. The papers in the first wave were concerned with the effect of education levels over wages and used the OLS technique. The papers in the second wave introduced different considerations on estimating the determinants of earnings: the biases that the OLS techniques introduce in the Mincer equation coefficients, possible interactions of individual characteristics (i.e. gender, economic sector or geographic criteria) and education level, or non-linear forms of the relation between the log of income and education.
It must be said that, as argued by HLT for international studies, most Colombian studies have not been careful enough in the way they approach their estimations or in the way they interpret their results. Strictly, the coefficient that accompanies the level of education in the Mincer equation is the Wage Growth Rate with respect to Education (GRE) 1 . This is a radical departure point. we also require to consider more flexible wage equations that allow for non-linearities of (the log of) wage in education.
In order to approach our research framework, let's consider the following landscape. An individual of 16 years old has finished high school. Based on purely economic factors (leaving aside any consideration of utility costs or benefits of education) why should this individual acquire additional education? Our assumption, as in most of the literature on the subject, is that this individual will attend university if the IRR associated to the university degree is higher than its discount rate. Thereby, in order to appropriately study this problem, one needs to calculate accurately the IRR. 
The Internal Rate of Return to Education
Mincer's earnings model is one of the cornerstones of labor economics (see Grossbard, 2006) . It has been mainly used to analyze the effect of investment in different forms of human capital and to decompose the effect of different socioeconomic features over earnings. Two recent literature reviews (Lemieux, 2003; Heckman et al., 2003) provided critical overviews of the studies that have used this famous equation and their methodological evolution. 
Where ( ) If the stated assumptions fail, this may arise from two specific reasons. They must be taken account in order to approach an alternative way to circumvent the situation and provide an accurate estimation of the IRR of education. The first is related to the functional form chosen by Mincer. The second is the need to include additional information in the computation of the IRR of education. In our analysis we will address both issues. Regarding the first problem we will follow HLT and use extended parametric forms of the Mincer equation as well as a non parametric estimations. These equations are used to estimate yearly wages along the life cycle of individuals with different education levels and these estimations are used to calculate the IRR of education using traditional algebraic techniques. Regarding the second problem we include in our statistical analysis additional information to capture the effect of income taxes on wages and the effect of direct economic costs of education on the decision to attend university.
Data
Our exercises use data from three different sources. First we use Colombian Household surveys for the years 2001 to 2005. This data bases give information about wages, education level, and age (which we use as proxy for experience). We will restrict our analysis to data from the 13 main cities in Colombia and we will only use urban data;
these restrictions allow us to be confident that reported wage corresponds to returns to human capital rather than to returns to other types of capital. An alternative exercise was developed using the specific information contained on the 2003 Quality of Life Standards Survey (ECV) regarding technical education as compared with formal education.
As Colombian household surveys do not include information about the tuition fees that current workers actually paid when they attended college, we use information collected in 2006 by economic magazine La Nota Económica, which comprises the tuition fee for most private and public universities in Colombia by undergraduate program of study. This is our second data source. Finally, using the income tax tables according to yearly wage, we calculate the amount of taxes that should be paid by each worker and its wage level. We also include other contributions made by employers and employees as part of perceived wage (more details on this calculation are included in the appendix).
Estimation Method and Results
Our goal is to have an accurate estimate of the IRR of higher education in Colombia.
Under the assumptions of constant labor supply, risk neutrality and neutrality to consumption inequality over time, the Internal Rate of Return of finishing higher education versus obtaining only secondary education degree is given by equation (2): equation is higher than the discount rate of the individual it is worth for her to attend higher education; otherwise she would rather stop education at high school level. Since in equilibrium the discount rate must be equal to the economy's interest rate, r can be seen as a measure of the profitability of education.
As we are unable to argue that r is equal to the coefficient that accompanies education in the simple Mincer equation, we use a two-stage procedure. In the first stage we estimate wages. In the second stage, using estimated yearly wages of individuals with different education profiles we will compute the IRR as the result of the equation (2).
For the estimation of the wage equations we take three different approaches. First we use the traditional Mincer equation where the relation between wage and education is linear. Second, in order to consider possible non linearities of wage in education and hours of work (HLT argue that this may be the case) we use a modified Mincer equation in which we also include reported hours worked during the month, gender, and splines for education level. We estimate this equation using simple OLS and correcting for selection bias using the traditional method of Heckman (1979) . The selection equation
we use estimates the probability of not having zero income in the period in which the estimation is done; those individuals with zero income are either unemployed ones or individuals who have decided not to participate in the labor market (Co et al., 2002) .
The underlying assumption behind the estimation when selection bias is included is that when individuals compute their expected wage they consider the possibility of either being unemployed or of not to participate in the labor market at all; when selection bias is not considered to compute expected wages, individuals actually would be dismissing these possibilities. The third approach is to use a non parametric estimation of the Mincer equation. Through a non-parametric estimation of earnings we relax the Mincer restrictions and we do not impose any additional assumption, other than continuity on the relationship between earnings and experience. On this sense, wage is estimated as a function of experience for each schooling level, separated by gender All estimations were made using reported wages (before tax wages, for our purposes) and we compute after tax wages applying to those the income taxes that should be paid according to the Colombian tax code 2 . To this after tax wage we have added the expected employer's contribution to worker's pension. Since we are using theoretical tax payments our results may understate the IRR perceived by individuals. As we have argued, we are not interested in the particular results (determinants) that may arise from the estimation of the wage equations. The interested reader can find these results on the tables at the end of the article. Graphs with the results of the non-parametric estimations are also included in the appendix.
We concentrate now on the IRR that arises from our exercises. Using estimated wages for each year of experience and for the two education levels concerned (high school and undergraduate university), and tuition fees obtained from the data base constructed by
La Nota Económica we use traditional algebraic procedures to compute r by using equation (2).
We calculate the IRR for college education for those individuals who happened to posses this degree and were included in the Colombian Households Surveys applied between 2001 and 2005; we compute the IRR for each year and we also do it using a pooled regression for the period as a whole. This last exercise allows us to eliminate the economic cycle effects and to concentrate on the structural features through which the Colombian labor market rewards investments on higher education. Table 1 shows the results of the IRR calculated using parametric estimations of the wage equation. From this table we can outline the following issues: a structural gender discrimination pattern, as the IRR for males is higher than for females (although this difference is never higher than 0.0044. Second, the IRR happens to be quite stable over time. Third, the impact of taxes on the IRR is very low; maybe this is a result of failures 2 Two definitions of wages were built, as follows: before-tax wages consist in the sum of reported wages and the share of pensions/retirement fund payment that the employers must provide; and after-tax wages are the above definition with income taxes discounted according National Taxes Directorate.
on the design of the Colombian tax code. Fourth, the IRR is effectively affected by the way wages are estimated. Finally, something similar happens with the difference between the estimates when using the OLS equations or the ones that correct for selfselection. Table 2 shows the IRR as computed from non parametric estimates of the wage equation. Here, the gender gap holds as well and the IRR stays stable over time as well.
One remarkable fact here is that the IRR (non parametric techniques approach one) happens to be higher than the one we obtained from using wages estimated from parametric estimation. By comparing the non parametric estimation with the modified version of the Mincer equation we get an idea of the importance of the bias when separability of earnings in schooling and experience is assumed (i.e. parallelism). This difference is of the order of 0.04. An alternative exercise is shown in Tables 3 and 4 academic, high-school and bachelor degrees. As for all the remaining estimations, these ones happen to show a discriminatory gender gap as for all the education levels, the male IRR happens to be higher than the female one. On terms of education policy, it is important to emphasize that technical education has become an interesting option that the Colombian labor market seems to be rewarding increasingly. Finally, we can use the results from Tables 1 and 2 and compare them with the results   presented on Table 5 . From this comparison it is clear the quantitative differential effect generated by wrongly interpreting the GRE as the IRR, and perhaps thereby overstating the returns of education. The comparison shows that the IRR is quite lower than the GRE and reinforces the results obtained by HLT: the GRE overestimates returns to education and is usually higher than the IRR. Clearly general university education is a high return investment in Colombia. Even the lowest of our estimates of the IRR is higher than the Colombian DTF; the smallest difference is of more than 1 percent point. However, our estimates of the IRR for technical university education are not always higher than the Colombian DTF, nor than the Colombian natural interest rate (see Table 4 ). This last conclusion shows the importance of developing more research that links the specificity of technical education in Colombia and the labor market for individuals with technical education to its returns.
Final remarks
Following methodological criticism to the recurrent interpretation of the education coefficient of Mincer earning/wages equation as the Internal Rate or Return for investments in education, we have addressed the issue of providing an accurate estimation of the Internal Rate of Return to Higher Education in Colombia, by using the method proposed by Heckman, Lochner and Todd (2005) . Our results reinforce the idea that an inaccurate interpretation of the GRE as the IRR actually overestimates the potential returns of investments in education for Colombia.
We must point out that in order to obtain our estimates of the IRR we have made a number of potentially restrictive assumptions, mainly related with behavior towards risk and inequality on lifetime consumption. Further research will take account of these assumptions. An additional topic which is worth exploring by using the HLT approach is the impact that different financial mechanisms may have over the IRR.
For Colombia, as for many other countries, both theoretical and data availability issues have guided the evolution of the application of the Mincer model. Data availability may be the main factor to be taken account in order to explain the surge of two different waves of studies (1970-80s vs. 1990s onwards) . Due to wider, public availability of data, theoretical issues have become the most dynamic force of recent innovations on the literature. We have tried to provide a conclusive exercise by combining an application of these theoretical issues and data strategy.
On Human Capital Theory sense, the Internal Rate of Return to Education can be seen as a measure of the profitability of investment in education. According to our estimations, higher education, both college and technical one, in Colombia, provides positive returns, which, nonetheless, seem to posses a gender gap and a negative effect of income taxes over returns of investment on education. We attribute this negative effect to the specific design of the Colombian tax code, a hypothesis that obviously requires further research.
